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Description 

[0001 ] The present invention relates to a bidirectional 
steerable catheter according to the preamble of claim 1 , 
such a catheter being known from US-A-5 656 030. 

BACKGROUND OF THE INVENTION 

[0002] Electrode catheters have been in common use 
in medical practice for many years. They are used to 
stimulate and map electrical activity in the heart and to 
ablate sites of aberrant electrical activity. 
[0003] In use, the electrode catheter is inserted into a 
major vein or artery, e.g., femoral artery, and then guid- 
ed into the chamber of the heart which is of concern. 
Within the heart, the ability to control the exact position 
and orientation of the catheter tip is critical and largely 
determines how useful the catheter is. 
[0004] Steerable catheters are generally well-known. 
For example, U.S. Patent No. RE 34,502 describes a 
catheter having a control handle comprising a housing 
having a piston chamber at its distal end. A piston is 
mounted in the piston chamber and is afforded length- 
wise movement. The proximal end of the catheter body 
is attached to the piston. A puller wire is attached to the 
housing and extends through the piston and through the 
catheter body. The distal end of the puller wire is an- 
chored in the tip section of the catheter. In this arrange- 
ment, lengthwise movement of the piston relative to the 
housing results in deflection of the catheter tip section. 
[0005] The design described in RE 34,502 is gener- 
ally limited to a catheter having a single puller wire. If a 
bidirectional catheter is desired, i.e., a catheter that can 
be deflected in more than one direction without rotating 
the catheter body, more than one puller wire becomes 
necessary. When two puller wires are used, however, it 
is undesirable for both wires to be moved simultaneous- 
ly. The handle design disclosed in RE 34,502 is not suit- 
able for a two puller wire system. Accordingly, a need 
exists for a control handle capable of independently 
moving each of two puller wires but preventing simulta- 
neous movement of the puller wires. 

SUMMARY OF THE INVENTION 

[0006] The invention is directed to an improved bidi- 
rectional steerable catheter. In one embodiment, the 
catheter comprises an elongated, tubular catheter body 
having at least one lumen extending therethrough. A tip 
section comprising flexible tubing having at least two lu- 
mens extending therethrough is fixedly attached to the 
distal end of the catheter body. 
[0007] A control handle is mounted to the proximal 
end of the catheter body. The control handle comprises 
a generally-hollow handle housing having inside and 
outside surfaces and a generally tubular core extending 
longitudinally within the housing. A generally-circular 
spur gear is rotatably mounted within the handle hous- 



ing, the spur gear having teeth about its outer circum- 
ference. First and second pistons are slidably mounted 
on diametrically opposed sides of the spur gear and at 
least partially in surrounding relation to the tubular core 

5 within the handle housing. Each piston has an interior 
edge generally facing the interior edge of the other pis- 
ton and comprises a series of teeth along its interior 
edge that engage the teeth ofthe spur gear so that prox- 
imal movement of one piston results in rotational move- 

10 ment of the spur gear and distal movement of the other 
piston. A longitudinally movable thumb control is fixedly 
attached to the first piston and accessible from outside 
the handle housing. 

[0008] The catheter further comprises first and see- 
rs ond puller wires having proximal and distal ends. Each 
puller wire extends from the control handle, through a 
lumen in the catheter body and into a lumen in the tip 
section. The distal end of each puller wire is fixedly at- 
tached to the tip section. The proximal end of the first 
20 puller wire is anchored to the first piston, and the prox- 
imal end of the second puller wire is anchored to the 
second piston. 

[0009] Proximal movement of the thumb control rela- 
tive to the handle housing results in proximal movement 

25 of the first piston and first puller wire relative to the han- 
dle housing and catheter body, which results in deflec- 
tion of the tip section in the direction of the lumen into 
which the first puller wire extends. Distal movement of 
the thumb control relative to the handle housing results 

30 in distal movement ofthe first piston, causing proximal 
movement of the second piston and puller wire relative 
to the handle housing and catheter body, which results 
in deflection of the tip section in the direction of the lu- 
men into which the second puller wire extends. 

35 [001 0] In another embodiment, the invention is direct- 
ed to a catheter comprising a catheter body having a 
tubular wall, proximal and distal ends, and at least one 
lumen extending therethrough. A control handle is 
mounted to the proximal end of the catheter body. The 

40 control handle comprises a housing having proximal 
and distal ends and an interior core within the housing 
and attached to the catheter body. A fastener mechan- 
ically connects the handle housing to the core through 
an opening in the handle housing. The fastener com- 

45 prises a body having a top side and a bottom side that 
fits within the opening in the handle housing and at least 
two flexible prongs extending from the underside of the 
body that mate with the core. 
[001 1 ] In another embodiment, the invention is direct- 

so ed to a catheter comprising a catheter body having a 
tubular wall, proximal and distal ends, and at least one 
lumen extending therethrough. A control handle is 
mounted to the proximal end of the catheter body. The 
control handle comprises a housing having proximal 

55 and distal ends, a tubular core within the housing and 
fixedly attached to the housing and catheter body, and 
a n interior member within the housing having proximal 
and distal ends and being longitudinally moveable rela- 
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tive to the housing and tubular core. A washer compris- 
ing a proximal ring and an outer wall extending distally 
therefrom is mounted about the tubular core. A flexible 
o-ring having inner and outer surfaces sits within the 
washer so that the outer surface of the o-ring is in con- 
tact with the outer wall of the washer and the inner sur- 
face of the o-ring is in contact with the core. A thumb 
control knob is threadably-engaged to the distal end of 
the interior member. When the thumb control knob is 
screwed onto the proximal piston, it compresses the o- 
ring into the washer, pressing the inner surface of the o- 
ring against the core so that the user can adjust the ten- 
sion on the thumb control by screwing or unscrewing the 
thumb control. 

DESCRIPTION OF THE DRAWINGS 

[001 2] These and other features of the advantages of 
the present invention will be better understood by refer- 
ence to the following detailed description when consid- 
ered in conjunction with the accompanying drawings 
wherein: 

FIG. 1 is a side view of an embodiment of the cath- 
eter of the invention. 

FIG. 2 is a side cross-sectional view of the junction 
of the catheter body and tip section of an embodi- 
ment of a catheter according to the invention. 
FIG. 3 is a transverse cross-sectional view of the 
catheter body shown in FIG. 2 taken along line 3-3. 
FIG. 4 is a side cross-sectional view of the distal 
end of the tip section shown in FIG. 2. 
FIG. 5 is a transverse cross-sectional view of the tip 
section along line 5-5. 

FIG. 6 is a transverse cross-sectional view of a cath- 
eter tip section according to the invention where the 
puller wires are anchored to the side walls of the tip 
section. 

FIG. 7 is a longitudinal cross-sectional view of a pre- 
ferred puller wire T-bar anchor. 
FIG. 8 is a longitudinal cross-sectional view of the 
puller wire T-bar anchor of FIG. 7 rotated 90° to 
show the cross-piece on end. 
FIG. 9 is a perspective view of a handle in accord- 
ance with the invention. 

FIG. 1 0 is a side cross-sectional view of the handle 
of FIG. 9. 

FIG. 1 1 is a side schematic view of the components 
of the handle of FIGs. 9 and 1 0 when the handle is 
not assemble. 

FIG. 12 is an alternative view of the primary piston 
of the handle of FIGs. 9 to 11 . 
FIG. 13 is an alternative view of the core of the han- 
dle of FIGs. 9 to 11. 

FIG. 14 is a top view of a fastener for use with the 
inventive handle. 

FIG. 1 5 is a side view of a fastener for use with the 
inventive handle. 
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FIG. 16 is a bottom view of a fastener for use with 
the inventive handle. 

FIG. 1 7 is an end view of a fastener for use with the 
inventive handle. 
5 FIG. 18 is a side cross-sectional view of the inside 
of the handle housing. 

FIG. 1 9 is a side perspective view of an alternative 
embodiment of the primary piston. 
FIG. 20 is a perspective view of a washer according 
10 to the invention. 

FIG. 21 is a cross-sectional view of an o-ring mount- 
ed in a washer according to the invention. 

DETAILED DESCRIPTION 

15 

[0013] In a particularly preferred embodiment of the 
invention, there is provided a steerable bidirectional 
electrode catheter. As shown in FIG. 1, the catheter 10 
comprises an elongated catheter body 1 2 having prox- 

20 imal and distal ends, a tip section 1 4 at the distal end of 
the catheter body 12, and a control handle 16 at the 
proximal end of the catheter body 12. 
[0014] As shown in FIGs. 2 and 3, the catheter body 
12 comprises an elongated tubular construction having 

25 a single axial or central lumen 1 8. The catheter body 1 2 
is flexible, i.e., bendable, but substantially non-com- 
pressible along its length. The catheter body 12 can be 
of any suitable construction and made of any suitable 
material. A presently preferred construction comprises 

30 an outer wall 20 made of polyurethane or PEBAX. The 
outer wall 20 preferably comprises an imbedded braided 
mesh of stainless steel or the like to increase torsional 
stiffness of the catheter body 1 2 so that when the control 
handle 16 is rotated the tip section 14 will rotate in a 

35 corresponding manner. 

[001 5] The overall length and diameter of the catheter 
10 may vary according to the application. A presently 
preferred catheter 1 0 has an overall length of about 48 
inches. The outer diameter of the catheter body 12 is 

40 not critical, but is preferably no more than about 8 
french. The inner surface of the outer wall 20 is prefer- 
ably lined with a stiffening tube 22, which can be made 
of any suitable material, preferably nylon or polyimide. 
The stiffening tube 22, along with the braided outer wall 

45 20, provides improved flexural and torsional stability 
while at the same time minimizing the wall thickness of 
the catheter body 12, thus maximizing the diameter of 
the central lumen 1 8. The outer diameter of the stiffening 
tube 22 is about the same as or slightly smaller than the 

so inner diameter of the outer wall 20. A particularly pre- 
ferred catheter 1 0 has an outer diameter of about 0.092 
inch and a lumen 18 diameter of about 0.052 inch. If 
desired, the stiffening tube can be omitted. 
[0016] As shown in FIGs. 4 and 5, the tip section 14 

55 comprises a short section of flexible tubing 24 having a 
first off-axis lumen 26 and a second off-axis lumen 28. 
The flexible tubing 24 is made of a suitable non-toxic 
material that is preferably more flexible than the catheter 
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body 20. A presently preferred material for the tubing 24 
is braided polyurethane, i.e., polyurethane with an em- 
bedded mesh of braided stainless steel or the like. The 
outer diameter of the tip section 1 4, like that of the cath- 
eter body 12, is preferably no greater than about 8 
french, more preferably about 6% french or less. 
[0017] The off-axis lumens 26, 28 extend through di- 
ametrically opposed halves of the tip section 14. In the 
depicted embodiment, the off-axis lumens 26, 28 are 
asymmetrical and therefore non-interchangeable. The 
first off-axis lumen 26 is smaller than the second off-axis 
lumen 28. In an 8 French or 7 French diameter catheter, 
where the tip section is 6 1 /£ French, it is preferred that 
the first off-axis lumen 26 has a diameter ranging from 
about 0.018 inch to about 0.025 inch, more preferably 
from about 0.018 inch to about 0.022 inch. Preferably, 
the second off-axis lumen 28 has a diameter ranging 
from about 0.022 inch to about 0.030 inch, more prefer- 
ably from about 0.026 inch to about 0.028 inch. By using 
two rather than three lumens along a single diameter, 
the present design retains the simplified construction of 
the unidirectional deflectable steerable catheter de- 
scribed in U.S. Patent No. Re 34,502, which is incorpo- 
rated herein by reference. However, the number and 
size of the lumens in the tip section is not critical to the 
present invention and can vary as desired. 
[0018] A preferred means for attaching the catheter 
body 12 to the tip section 14 is illustrated in FIG. 2. The 
proximal end of the tip section 14 comprises an outer 
circumferential notch 34 that receives the inner surface 
of the outer wall 20 of the catheter body 1 2. The tip sec- 
tion 1 4 and catheter body 1 2 are attached by glue or the 
like. Before the tip section 14 and catheter body 12 are 
attached, however, the stiffening tube 22 is inserted into 
the catheter body 1 2. The distal end of the stiffening tube 
22 is fixedly attached near the distal end of the catheter 
body 12 by forming a glue joint with polyurethane glue 
or the like. Preferably a small distance, e.g., about 3 mm, 
is provided between the distal end of the catheter body 
12 and the distal end of the stiffening tube 22 to permit 
room for the catheter body 1 2 to receive the notch 34 of 
the tip section 14. A force is applied to the proximal end 
of the stiffening tube 22, and, while the stiffening tube 
22 is under compression, a first glue joint (not shown) 
is made between the stiffening tube 22 and the outer 
wall 20 by a fast drying glue, e.g. Super Glue®. There- 
after a second glue joint is formed between the proximal 
ends of the stiffening tube 22 and outer wall 20 using a 
slower drying but stronger glue, e.g., polyurethane. 
[0019] A spacer 36 lies within the catheter body 12 
between the distal end of the stiffening tube 22 and the 
proximal end of the tip section 1 4. The spacer 36 is pref- 
erably made of a material that is stiffer than the material 
of the tip section 14, e.g., polyurethane, but not as stiff 
as the material of the stiffening tube 22, e.g. polyimide. 
A spacer made of Teflon® is presently preferred. A pre- 
ferred spacer 36 has a length of from about 0.25 inch to 
about 0.75 inch, more preferably about 0.50 inch. Pref- 
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erably the spacer 36 has an outer and inner diameter 
about the same as the outer and inner diameters of the 
stiffening tube 22. The spacer 36 provides a transition 
in flexibility at the junction of the catheter body 12 and 

s the tip section 14 to bend smoothly without folding or 
kinking. If desired, the spacer 36 can be omitted. 
[0020] As shown in FIG. 4, the distal end of the tip 
section 1 4 carries a tip electrode 38. Mounted along the 
length of the tip section 14 is a ring electrode 40. The 

10 length of the ring electrode 40 is not critical, but prefer- 
ably ranges from about 1 mm to about 3 mm. Additional 
ring electrodes can be provided if desired. If multiple ring 
electrodes are used, they are spaced apart in any fash- 
ion as desired so long as their edges do not touch. 

15 [0021] The tip electrode 38 and ring electrode 40 are 
each connected to a separate lead wire 30. Each lead 
wire 30 extends through the second off-axis lumen 28 
in the tip section 14, through the central lumen 18 in the 
catheter body 1 2 and through the control handle 1 6. The 
20 proximal end of each lead wire 30 extends out the prox- 
imal end of the control handle 16 and is connected to 
an appropriate connector, which can be plugged into or 
otherwise connected to a suitable monitor, source of en- 
ergy, etc. 

25 [0022] The lead wires 30 are connected to the tip elec- 
trode 38 and ring electrode 40 by any conventional tech- 
nique. Connection of a lead wire 30 to the tip electrode 
38 is preferably accomplished by solder or the like. Con- 
nection of a lead wire 30 to a ring electrode 40 is pref- 

30 erably accomplished by first making a small hole 
through the tubing 24. Such a hole can be created, for 
example, by inserting a needle through the tubing 24 
and heating the needle sufficiently to form a permanent 
hole. A lead wire 30 is then drawn through the hole by 

35 using a microhook or the like. The end of the lead wire 
30 is then stripped of any coating and welded to the un- 
derside of the ring electrode 40, which is then slid into 
position over the hole and fixed in place with poly- 
urethane glue or the like. 

40 [0023] Two puller wires 32 extend through the cathe- 
ter 1 0. Each puller wire 32 extends from the control han- 
dle 1 6, through the central lumen 1 8 in the catheter body 
12 and into one of the off-axis lumens 26 and 28 of the 
tip section 16. As described in more detail below, the 

45 proximal end of each puller wire 32 is anchored within 
the control handle 16 and the distal end of each puller 
wire 32 is anchored within the tip section 14. 
[0024] Each puller wire 32 is made of any suitable 
metal, such as stainless steel or Nitinol. Preferably each 
so puller wire 32 has a coating, such as a coating of Teflon® 
or the like. Each puller wire 32 has a diameter preferably 
ranging from about 0.006 inch to about 0.0010 inch. 
Preferably both of the puller wires 32 have the same di- 
ameter. 

55 [0025] Each puller wire 32 is anchored near the distal 
end of the tip section 14. In the embodiment depicted in 
FIG. 4, the puller wires 32 are both anchored in blind 
holes 37 in the tip electrode 38 by a welding or the like. 
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[0026] Alternatively, the puller wire 32 in the first off- 
axis lumen 26 can be anchored to the side wall of the 
tip section 14. As shown in FIGs. 6 to 8, the puller wire 
32 is preferably attached by means of an anchor 44 fix- 
edly attached to the distal end of the puller wire 32. The 
anchor 44 is formed by a metal tube 45, e.g., a short 
segment of hypodermic stock, that is fixedly attached, 
e.g. by crimping, to the distal end of the puller wire 32. 
The tube has a section that extends a short distance 
beyond the distal end of the puller wire 32. A cross-piece 
47 made of a small section of stainless steel ribbon or 
the like is soldered or welded in a transverse arrange- 
ment to the distal end of the metal tube which is flattened 
during the operation. This creates a T-bar anchor 44. A 
notch is created in the side of the tip section 1 4 resulting 
in an opening in the off-axis lumen 26 carrying the puller 
wire 32. The cross piece 47 lies transversely within the 
notch. Because the length of the ribbon forming the 
cross-piece 47 is longer than the diameter of the open- 
ing into the off-axis lumen 26, the anchor 44 cannot be 
pulled completely into the off-axis lumen 26. The notch 
is then sealed with polyurethane glue or the like to give 
a smooth outer surface. The glue flows into the off-axis 
lumen 26 to fully secure the anchor. A tunnel (not 
shown), in the form of polyimide tubing or the like, can 
be provided to permit passage of the lead wire 30 
through the glue so that this same puller wire anchor 
construction can be used in the second off-axis lumen 
28. Other means for anchoring the puller wires 32 in the 
tip section 1 4 would be recognized by those skilled in 
the art and are included within the scope ofthe invention. 
[0027] The catheter 10 further comprises two com- 
pression coils 46, each in surrounding relation to a cor- 
responding puller wire 32. Each compression coil 46 is 
made of any suitable metal, such as stainless steel. 
Each compression coil 46 is tightly wound on itself to 
provide flexibility, i.e., bending, but to resist compres- 
sion. The inner diameter of each compression coil 46 is 
slightly larger than the diameter of its associated puller 
wire 32. For example, when a puller wire 32 has a di- 
ameter of about 0.007 inch, the corresponding compres- 
sion coil 46 preferably has an inner diameter of about 
0.008 inch. The coating on the puller wires 32 allows 
them to slide freely within the compression coil 46. The 
outer surface of each compression coil 46 is covered 
along most of its length by a flexible, non-conductive 
sheath 48 to prevent contact between the compression 
coil 46 and the lead wires 30 within the central lumen 
18. A non-conductive sheath 48 made of thin-walled 
polyimide tubing is presently preferred. 
[0028] At the distal end of the catheter body, the two 
compression coils 46 are positioned in diametric oppo- 
sition within the stiffening tube 22 and spacer 36 so that 
they can be aligned with the two off-axis lumens 26,28 
in the tip section 1 4. The compression coils 46 and stiff- 
ening tube 22 are sized so that the compression coils 
46 fit closely and slidably within the stiffening tube 22. 
With this design, the lead wires 30 distribute themselves 



around the two compression coils 46 without misallign- 
ing the coils. 

[0029] The compression coils 46 are secured within 
the catheter body 12 with polyurethane glue or the like. 

5 Each compression coil 46 is anchored at its proximal 
end to the proximal end of the stiffening tube 22 in the 
catheter body 12 by a glue joint (not shown). When a 
stiffening tube 22 is not used, each compression coil is 
anchored directly to the outer wall 20 of the catheter 

10 body 12. 

[0030] The distal end of each compression coil 46 is 
anchored to the distal end of the stiffening tube 22 in the 
catheter body 12 by a glue joint 52, or directly to the 
distal end ofthe outer wall 20 of the catheter body 12 

is when no stiffening tube 22 is used. Alternatively, the dis- 
tal ends of the compression coils 46 may extend into the 
off-axis lumens 26,28 of the tip section 14 and are an- 
chored at their distal ends to the proximal end of the tip 
section 14 by a glue joint. In the depicted embodiment, 

20 where the compression coils 46 are each surrounded 
by a sheath 48, care should be taken to insure that the 
sheath is reliably glued to the compression coil. The lead 
wires 30 can also be anchored in the glue joint. Howev- 
er, if desired, tunnels in the form of plastic tubing or the 

25 like can be provided around the lead wires at the glue 
joint to permit the lead wires to be slidable within the 
glue joint. 

[0031] Both glue joints preferably comprise poly- 
urethane glue or the like. The glue may be applied by 

30 means of a syringe or the like through a hole made be- 
tween the outer surface of the catheter body 20 and the 
central lumen 18. Such a hole may be formed, for ex- 
ample, by a needle or the like that punctures the outer 
wall 18 and the stiffening tube 22 that is heated suffi- 

35 ciently to form a permanent hole. The glue is then intro- 
duced through the hole to the outer surface of the com- 
pression coil 46 and wicks around the outer circumfer- 
ence to form a glue joint about the entire circumference 
of each sheath 48 surrounding each compression coil 

40 46. Care must be taken to insure that glue does not wick 
over the end of the coil so that the puller wire cannot 
slide within the coil. 

[0032] Within the off-axis lumens 26, 28, each puller 
wire 32 is surrounded by a plastic sheath 42, preferably 

45 made of Teflon®. The plastic sheathes 42 prevent the 
puller wires 32 from cutting into the wall of the tip section 
14 when the tip section is deflected. Each sheath 42 
ends near the distal end of each puller wire 32. Alterna- 
tively, each puller wire 32 can be surrounded by a com- 

50 pression coil where the turns are expanded longitudinal- 
ly, relative to the compression coils extending through 
the catheter body, such that the surrounding compres- 
sion coil is both bendable and compressible. 
[0033] Longitudinal movement of a puller wire 32 rel- 

55 ative to the catheter body 1 2, which results in deflection 
of the tip section 14, is accomplished by suitable manip- 
ulation of the control handle 16. A suitable bidirectional 
control handle for use in the present invention is illus- 
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trated in FIGs. 9 to 1 1 . The control handle 1 6 comprises 
a generally-hollow, preferably generally-tubular, handle 
housing 1 02 having a longitudinal axis and proximal and 
distal ends and a generally tubular core 104 extending 
within the housing along its longitudinal axis. The core 
104 is generally tubular along its length and has proxi- 
mal and distal ends that extend beyond and outside the 
proximal and distal ends, respectively, ofthe housing 
102. The catheter body 12 is fixedly attached in a pas- 
sage 105 at the distal end of the core 104 by means of 
a glue joint and shrink sleeve, as is known to those 
skilled in the art. The puller wires 32, lead wires 30 and 
other cables, wires or tubes that extend through the 
catheter body extend through the passage 105 in the 
core 104. 

[0034] The core 104, as shown in more detail in FIG. 
13, comprises two ovular slots 103 on opposite sides of 
the core that extend a portion of the length of the core, 
the functions of which are described in more detail be- 
low. A support member 107 is provided within the core 
104 to add structural support to the core, and a small 
hole 1 09 is provided in the support memberl 07, the pur- 
pose of which is described below. 
[0035] A primary piston 1 06 and a secondary piston 
108 are mounted within the housing 102 generally in 
surrounding relation to the core 104, as described in 
more detail below. As shown best in FIG. 11 , the primary 
piston 1 06 has a tubular distal region 1 1 0 and a proximal 
region 1 1 2 that has a generally semi-circular cross-sec- 
tion. As used herein, "generally semi-circular cross-sec- 
tion" refers to a generally-curved cross-section that may 
be greater or less than a semi-circle. The tubular distal 
region 110 is slidably mounted around the core 104 so 
that it completely surrounds the core. The proximal re- 
gion 1 12 is shaped so that its inner surface fits generally 
against the tubular core, but only partially surrounds the 
core. When the handle 1 6 is assembled, a portion of dis- 
tal region 1 1 0 extends outside the distal end of the hous- 
ing 102. The distal region 110 of the primary piston 106 
comprises threading 114 for mounting a thumb control 
116 having corresponding internal threading (not 
shown) onto the primary piston. The inner surface of the 
proximal region 1 1 2 of the primary piston 1 06 comprises 
a series of teeth 1 1 8, which interact with a circular gear 
120, described in more detail below. 
[0036] FIG. 1 2 shows the primary piston 1 06 with the 
outer surface of the proximal region 112 turned toward 
the viewer. As shown best in FIG. 12, the proximal re- 
gion 112 of the primary piston 106 is provided with a 
means for anchoring one puller wire 32 to the primary 
piston. The proximal region 112 of the primary piston 
1 06 comprises a generally trapezoidal opening 1 22 hav- 
ing a long slanted edge 124. The opening 122 extends 
through the primary piston 106. A channel 126, which 
only extends a part of the way through the outer surface 
of the proximal piston, is provided proximal the opening 
122. A small groove 128, having a width less than that 
of the channel 1 26, connects the channel to the opening 



122. One puller wire 32 extends through the passage 
105 in the core 104, out through one of the ovular slots 
103 in the core, out through the opening 122 in the pri- 
mary piston 1 06, through the small groove 1 28, and into 

5 the channel 126. The puller wire 32 is anchored in the 
channel 1 26 by means of a puller wire anchor 1 30, which 
preferably comprises a short piece of hypodermic stock 
that is fixedly attached, i.e., by crimping, to the proximal 
end of the puller wire 32 after it has passed through the 

w small groove 128. The puller wire anchor 130 has a di- 
ameter greater than the width of the small groove 128 
and thus prevents the proximal end of the puller wire 32 
from being pulled through the small groove. The length 
of the opening 1 22 is limited such that, when the primary 

15 piston 106 is in its most distal position relative to the 
housing 102, the opening does not extend outside the 
housing. However, the opening 122 is preferably long 
enough so that the puller wire 32 extends through the 
opening at an angle rather than bending or kinking. The 

20 opening 122 can have any other size or shape as de- 
sired so long as it permits passage of the puller wire. 
[0037] The secondary piston 108 has a proximal re- 
gion 132 having a generally-semicircular cross-section 
with a generally rectangular stem 1 34 extending distally 

25 therefrom. The proximal region 132 of the secondary 
piston 108 is shaped so that its inner surface fits gener- 
ally against the tubular core 1 04, in a manner similar to 
the proximal region 112 of the primary piston 106. In a 
particularly preferred embodiment, the proximal region 

30 1 32 of the secondary piston 1 08 and the proximal region 
112 of the primary piston 106 contact each other and 
together surround the core 1 04. The inner surface of the 
proximal region 132 of the secondary piston 108, like 
the primary piston 1 06, comprises a series of teeth 1 1 8, 

35 which interact with the circular gear 1 20, described fur- 
ther below. 

[0038] The stem 134 of the secondary piston 108 is 
shaped to slidably fit within one of the slots 103 of the 
core 1 04. When the secondary piston 1 08 is moved dis- 

40 tally, the stem 1 34 comes into contact with the distal end 
of the slot 103 in which it is mounted, controlling the ex- 
tent of distal movement of the secondary piston. On one 
side, the stem 1 34 has a longitudinal channel 1 36 along 
its length, which terminates in a small longitudinal 

45 groove 1 38 having a width smaller than the width of the 
longitudinal channel. The second puller wire 32 extends 
through the passage 105 in the core 104, through the 
small longitudinal groove 138, and into the longitudinal 
channel 136. As with the primary piston, this puller wire 

so 32 is anchored in the longitudinal channel 1 36 by means 
of a puller wire anchor 130 having a diameter greater 
than the width of the small longitudinal groove 1 38, thus 
preventing the proximal end of the puller wire 32 from 
being pulled through the small groove. Ideally, each pull- 

55 er wire 32 is anchored to a piston 1 06 or 1 08 in a position 
as close to the longitudinal axis of the core 104 as pos- 
sible. 

[0039] A circular gear 1 20 having teeth 1 40 about its 
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circumference is mounted in the core 104, preferably by 
means of a dowel pin or the like. The teeth 140 of the 
circular gear 120 are aligned with the teeth 118 on the 
inner surfaces of the primary piston 106 and secondary 
piston 1 08. Accordingly, distal movement of the primary 
piston 1 06 results in proximal movement of the second- 
ary piston 108, and proximal movement of the primary 
piston results in distal movement of the secondary pis- 
ton. Thus, when the thumb control 1 1 6 is moved distally 
relative to the handle housing 102 and core 1 04, the pri- 
mary piston 1 06 is also moved distally, and the second- 
ary piston 1 08 is correspondingly moved proximally. The 
puller wire 32 attached to the secondary piston 1 08 also 
is pulled proximally, causing the tip section 14 to deflect 
in the direction of the side of the tip section to which that 
puller wire is anchored. The puller wire 32 attached to 
the primary piston 106, however, does not compress; 
instead the puller wire 32 and puller wire anchor 1 30 are 
provided free movement in the channel 1 26. 
[0040] Conversely, when the thumb control 116 is 
moved proximally relative to the handle housing 1 02 and 
core 104, the primary piston 106 is also moved proxi- 
mally and the secondary piston 108 is corresponding 
moved distally. The puller wire 32 attached to the prima- 
ry piston 106 also is pulled proximally, causing the tip 
section 1 4 to deflect in the direction of the side of the tip 
section 1 4 to which that puller wire is anchored. The pull- 
er wire 32 and puller wire anchor 130 mounted in the 
secondary piston 108 are permitted free movement 
within channel 1 36, and thus the puller wire is not com- 
pressed. 

[0041] In the depicted embodiment, when the cathe- 
ter is in the neutral position, i.e., when the tip section 1 4 
is not deflected, the primary piston 1 06 and secondary 
piston 108 are positioned so that the circular gear 120 
is located at the midpoint of the teeth 1 8 on each piston. 
Accordingly, both pistons 106 and 108 can travel the 
same distance forward and backward. However, if de- 
sired, the pistons 1 06 and 1 08 can be positioned so that 
one of the pistons can travel a greater distance in a given 
direction than the other piston. 
[0042] When assembling the catheter of the depicted 
embodiment, preferably the catheter body 12 and tip 
section 1 4 are assembled first. Next, the puller wires 32 
are cut. In the depicted embodiment, when the primary 
piston 106 and secondary piston 108 are in the neutral 
position, the distal end 134 of the secondary piston is 
distal the proximal end 112 of the primary piston. Thus, 
the distal end of the puller wire 32 anchored to the pri- 
mary piston 106 is proximal the distal end of the puller 
wire anchored to the secondary piston 1 08. Accordingly, 
the puller wires 32 are cut to be of different lengths, with 
the puller wire 32 anchored to the primary piston 106 
being longer than the puller wire anchored to the sec- 
ondary piston 32. When the tip section 1 4 is not deflect- 
ed, both puller wires 32 should be close to being in ten- 
sion. 

[0043] To assemble the handle so that the puller wires 



are properly aligned, a hole 141 is provided in the pri- 
mary piston 106, as shown in FIG. 12. An assembly pin 
(not shown) is placed through the hole 1 41 in the primary 
piston 1 06 and the hole 1 09 in the support member 1 07 
s of the core 104, described above. This position corre- 
sponds to the neutral position of the handle, i.e., where 
the tip section is not deflected. The puller wire anchor 
130 is then positioned in the channel 126 of the primary 
piston 106. The catheter body 12 is pulled until there is 
10 just a small amount of tension on that puller wire, and 
then the catheter body is glued in place to the core 1 04. 
The assembly pin is then removed. 
[0044] In a particularly preferred embodiment, the two 
most proximal teeth 118 of the primary piston are re- 
's placed with a longer solid piece 159, as shown in FIG. 
19. When the primary piston is moved distally, the teeth 
of the circular gear come into contact with the longer 
solid piece 159, preventing further distal movement of 
the primary piston. 

20 [0045] When a physician is performing a procedure 
using the above-described catheter, it is desirable for 
the physician to be able to determine when the catheter 
is in the neutral position, i.e., when the tip section is not 
deflected. Accordingly, in a preferred embodiment, the 

25 center teeth of the primary piston are angled or skewed. 
The user can hear and feel when the teeth of the circular 
gear come into contact with the angled center teeth, no- 
tifying the user that the catheter is in the neutral position. 
[0046] In an alternate design, as shown in FIGs. 18 

30 and 19, the primary piston 106 comprises a tab 160 at 
its proximal end that extends radially outwardly. The tab 
1 60 is formed on a finger 1 61 that is separated from the 
proximal end of the primary piston by a slot 163 to pro- 
vide the finger 1 61 some flexibility. The housing 1 02 has 

35 a groove 162 on its inside surface. The groove 162 is 
positioned so that the tab 1 60 is aligned with the groove 
when the catheter is in the neutral position. As the pri- 
mary piston 1 06 is slid longitudinally relative to the hous- 
ing 1 02, the tab 160 interacts with the groove 1 62, which 

40 can be heard and felt by the user, indicating to the user 
that the catheter is in the neutral position. The flexibility 
of the finger 161 permits the tab 160 to fit within the 
housing 102 when it is not aligned with the groove 162 
and to more easily slide in and out of the groove. 

45 [0047] In a preferred embodiment, a washer 144 is 
mounted about the core 1 04 at the distal end of the pri- 
mary piston 106. As shown in FIGs. 20 and 21, the 
washer 114 comprises a flat, O-shaped proximal ring 
1 47 with an outer edge and an inner edge. An outer wall 

so 1 48 extends distally from the outer edge of the proximal 
ring. By this design, the proximal end of the washer 1 44 
is closed, but the distal end is open. The washer is pref- 
erably made out of the same material as the handle 
housing. 

55 [0048] A flexible o-ring 146, made of plastic, rubber 
or the like, is provided having an outer surface, an inner 
surface, a proximal surface and a distal surface. The o- 
ring 1 46 sits in the open distal end of the washer 1 44 so 
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that its proximal surface is in contact with the distal sur- 
face of the proximal ring of the washer, its outer surface 
is in contact with the outer wall 1 48, and its inner surface 
is in contact with the core 104. 
[0049] With this design, when the thumb control 116 
is screwed onto the proximal piston 106, it compresses 
the o-ring 1 46 into the washer 1 44, forcing the inner sur- 
face of the o-ring against the core 104. The user can 
adjust the tension on the thumb control 1 1 6 by screwing 
or unscrewing the thumb control, thus adjusting the 
pressure of the thumb control on the o-ring. Alternative- 
ly, the washer can be integral with the distal end of the 
primary piston. In other words, the distal end of the pri- 
mary piston can be designed to incorporate a region into 
which the o-ring can fit to perform the same function, e. 
g., having a proximal ring and an outer wall extending 
distally from the proximal ring. 
[0050] In a particularly preferred embodiment, an ad- 
ditional mechanism is provided to prevent the user from 
completely unscrewing the thumb control 116 when ad- 
justing the tension. As shown in FIG. 12, the distal end 
of the primary piston 1 06 comprises a circumferential lip 
148. A corresponding circumferential groove (not 
shown) is provided inside the thumb control 116. The 
outer diameter of the lip 148 is greater than the inner 
diameter of the thumb control 116, but less than the in- 
ner diameter of the circumferential groove of the thumb 
control. Cuts 149 are provided about the circumference 
of the lip 1 48 to provide flexibility to the lip so that the lip 
can be assembled into the circumferential groove. The 
length of the circumferential groove is greater than the 
length of the lip. Thus, the user can make adjustments 
to the tension of the thumb control, while maintaining 
the lip within the circumferential groove. However, the 
interaction between the lip and circumferential groove 
maintains the thumb control in place over the primary 
piston. 

[0051] In another preferred embodiment, a fastener 
150 is provided to maintain the handle housing 102 in 
place over the core 1 04. FIGs. 1 4 to 1 7 show a preferred 
fastener 150 in accordance with the invention. The fas- 
tener 150 has a generally ovular (or jewel) shape. The 
top side, as shown in FIG. 14, is generally flat, but may 
be slightly curved to match the curved contour of the 
handle housing 1 02. The bottom side, as shown in FIGs. 
1 5 to 1 7, comprises two inner prongs 1 52 and two outer 
prongs 153. The prongs 152 and 153 are received by 
the proximal end of the core 1 04, shown best in FIG. 1 1 . 
Specifically, the proximal end of the core 1 04 comprises 
a recess 155 separated by a tab 156. The prongs 152 
and 153 extend into the recess 155, and the inner 
prongs 1 52 fit tightly around the tab 1 56 to maintain the 
fastener 150 in place. The handle housing 102 compris- 
es an opening 154 corresponding in size and shape to 
the fastener 150. When the handle is assembled, the 
fastener 150 is snapped into place in the handle hous- 
ing, with the prongs 152 and 153 being received by the 
distal end of the core 104, keeping the handle housing 



in place over the core. The outer prongs 1 53 comprise 
outwardly extending ears 157. When the fastener is 
snapped into the opening 154 of the housing 102, the 
ears 1 57 extend under the opening to keep the fastener 

s in place in the handle housing. The fastener also pro- 
vides a means for engraving or labeling the handle. The 
fastener can be provided with a design, trademark, or 
other insignia relevant to the catheter, thus making it un- 
necessary to manufacture the handle housing with the 

w insignia directly thereon. The inventive fastener can be 
used with any catheter handle design having a hollow 
housing and a core member of some sort in the housing 
to which the housing is to be fixedly attached. 
[0052] The preceding description has been presented 

15 with reference to presently preferred embodiments of 
the invention. Workers skilled in the art and technology 
to which this invention pertains will appreciate that al- 
terations and changes in the described structure may 
be practiced without meaningfully departing from the 

20 scope of this invention. 

[0053] Accordingly, the foregoing description should 
not be read as pertaining only to the precise structures 
described and illustrated in the accompanying draw- 
ings, but rather should be read consistent with and as 

25 support to the following claims which are to have their 
fullest and fair scope. 



Claims 

30 

1 . A bidirectional steerable catheter comprising: 

an elongated, tubular catheter body (1 2) having 
proximal and distal ends and at least one lumen 

35 extending therethrough; 

a tip section comprising flexible tubing having 
proximal and distal ends and at least two lu- 
mens (26, 28) extending therethrough, the 
proximal end of the tip section being fixedly at- 

40 tached to the distal end of the catheter body; 

a control handle (16) mounted to the proximal 
end of the catheter body, the control handle 
comprising: 

45 first and second pistons (106, 108), 

a generally-hollow handle housing having 
proximal and distal ends and inside and 
outside surfaces, 

a generally tubular core (104) extending 
so longitudinally within the housing, 

a longitudinally movable thumb control (116) 
fixedly attached to the first piston and accessi- 
ble from outside the handle housing; and 
55 first and second puller wires (32) having proxi- 

mal and distal ends, each puller wire extending 
from the control handle, through a lumen in the 
catheter body and into a lumen in the tip sec- 
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tion, the distal end of each puller wire being fix- 
edly attached to the tip section, the proximal 
end of the first puller wire being anchored to the 
first piston and the proximal end of the second 
puller wire being anchored to the second pis- 5 
ton; 

whereby proximal movement of the thumb 
control relative to the handle housing results in 
proximal movement of the first piston and first puller 10 
wire relative to the handle housing and catheter 
body, which results in deflection of the tip section in 
the direction of the lumen into which the first puller 
wire extends; and further whereby distal movement 
of the thumb control relative to the handle housing is 
results in distal movement of the first piston, caus- 
ing proximal movement of the second piston and 
puller wire relative to the handle housing and cath- 
eter body, which results in deflection of the tip sec- 
tion in the direction of the lumen into which the sec- 20 
ond puller wire extends, characterized in that the 
control handle further comprises a generally-circu- 
lar spur gear (120) rotatably mounted within the 
handle housing, the spur gear having teeth about 
its outer circumference, and in that 25 

said first and second pistons are slidably 
mounted on diametrically opposed sides of the spur 
gear and at least partially in surrounding relation to 
the tubular core within the handle housing, each 
having an interior edge generally facing the interior 30 
edge of the other piston and comprising a series of 
teeth along its interior edge that engage the teeth 
of the spur gear, whereby proximal movement of 
one piston results in rotational movement of the 
spur gear and distal movement of the other piston. 35 

A bidirectional steerable catheter according to claim 
1 , wherein the spur gear is mounted in the core. 

A bidirectional steerable catheter according to claim *o 
1 , wherein the thumb control is mounted on the dis- 
tal end of the first piston. 

A bidirectional steerable catheter according to claim 
1 , wherein the first piston has a tubular distal region 45 
that complete surrounds the core and a proximal re- 
gion that partially surrounds the core. 

A bidirectional steerable catheter according to claim 
4, wherein the proximal region has a generally-sem- so 
icircular cross-section. 

A bidirectional steerable catheter according to claim 
1 , wherein the first piston has at least one opening 
therethrough for passage of a puller wire. 55 

A bidirectional steerable catheter according to claim 
1 , wherein the second piston comprises a proximal 



region having a generally-semicircular cross-sec- 
tion that partially surrounds the core. 

8. A bidirectional steerable catheter according to claim 

7, wherein the second piston further comprises a 
generally rectangular stem extending distally from 
the proximal region. 

9. A bidirectional steerable catheter according to claim 

8, wherein the generally rectangular stem is slidably 
mounted within a longitudinal slot within the core. 

1 0. A bidirectional steerable catheter according to claim 
1 , wherein: 

the first piston has a tubular distal region that 
complete surrounds the core and a proximal re- 
gion having a generally-semicircular cross-sec- 
tion that partially surrounds the core; and 
the second piston comprises a proximal region 
having a generally-semicircular cross-section 
that partially surrounds the core; 

whereby the proximal region of the secondary 
piston and the proximal region of the primary piston 
contact each other and together completely sur- 
round the core. 



Patentanspriiche 

1. In zwel Richtungen steuerbarer Katheter umfas- 
send: 

einen verlangerten, rohrenformigen Katheter- 
korper (1 2) mit einem proximalen und einem di- 
stalen Ende und wenigstens einem sich da- 
durch erstreckenden Lumen; 

einen Spitzenabschnitt umfassend einen flexi- 
blen Schlauch mit einem proximalen und einem 
distalen Ende und wenigstens zwei Lumina 
(26, 28), die sich dadurch erstrecken, wobei 
das proximale Ende des Spitzenabschnittes 
fest mitdem distalen Ende des Katheterkdrpers 
verbunden 1st; 

einen Bedienungsgriff (16), der an das proxi- 
male Ende des Katheterkorpers montiert ist, 
wobei der Bedienungsgriff umfasst: 

einen ersten und einen zweiten Kolben 
(106,108), 

ein im Allgemeinen hohles Griffgehause 
mit einem proximalen und einem distalen 
Ende und inneren und auBeren Oberfla- 
chen, 
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einen im Allgemeinen rdhrenformigen 
Kern (104), der sich innerhalb des Gehau- 
ses in Langsrichtung erstreckt, 

eine in Langsrichtung bewegliche Daumen- s 
steuerung (116), die test mit dem ersten Kolben 
verbunden ist und von au&erhalb des Griffge- 
hauses zuganglich ist; und 

erste und zweite Zugdrahte (32) mit proximalen 10 
und distalen Enden, wobei ein jeder Zugdraht 
sich von dem Bedienungsgriff erstreckt, durch 
ein Lumen in dem Katheterkorper und in ein Lu- 
men im Spitzenabschnitt, wobei das distale En- 
de eines jeden Zugdrahtes fest mit dem Spit- is 
zenabschnitt verbunden ist, das proximaie En- 
de des ersten Zugdrahtes an dem ersten Kol- 
ben verankert ist und das proximaie Ende des 
zweiten Zugdrahtes an dem zweiten Kolben 
verankert ist; 20 

wobei proximaie Bewegung der Daumensteuerung 
relativ zum Griffgehause zu proximaler Bewegung 
des ersten Kolbens und ersten Zugdrahtes relativ 
zum Griffgehause und Katheterkorper fuhrt, was 25 
zur Ablenkung des Spitzenabschnittes in Richtung 
des Lumens fuhrt, in das sich der erste Zugdraht 
erstreckt; und wobei weiterhin distale Bewegung 
der Daumensteuerung relativ zum Griffgehause zu 
distaler Bewegung des ersten Kolbens fuhrt, was 30 
proximaie Bewegung des zweiten Kolbens und 
Zugdrahtes relativ zum Griffgehause und dem Ka- 
theterkorper fuhrt, was zur Ablenkung des Spitzen- 
abschnittes in Richtung des Lumens fuhrt, in dem 
sich der zweite Zugdraht erstreckt, 35 
dadurch gekennzeichnet, dass 
der Bedienungsgriff weiter ein im Allgemeinen 
kreisformiges Stirnradergetriebe umfasst, das ro« 
tierbar innerhalb des Griffgehauses montiert ist, 
wobei das Stirnradergetriebe an seinem auBeren *o 
Umfang Zahne aufweist, und 
dadurch, dass der erste und zweite Kolben ver- 
schiebbar auf diametral gegenuberliegenden Sei- 
ten des Stirnradergetriebes montiert sind und we- 
nigstens teilweise den rohrenfGrmigen Kern inner- 45 
halb des Griffgehauses umgeben, wobei eine jede 
eine innere Kante aufweist, die im Allgemeinen der 
inneren Kante des anderen Kolben gegenuberliegt 
und eine Reihe von Zahnen entlang ihrer inneren 
Kante umfasst, die in die Zahne des Stirnraderge- so 
triebes eingreifen, wobei proximaie Bewegung ei- 
nes Kolbens zu einer Rotationsbewegung des 
Stirnradergetriebes und distaler Bewegung des an- 
deren Kolbens fuhrt. 

55 

2. In zwei Richtungen steuerbarer Katheter nach An- 
spruch 1, wobei das Stirnradergetriebe im Kern 
montiert ist. 



3. In zwei Richtungen steuerbarer Katheter nach An- 
spruch 1 , wobei die Daumensteuerung am distalen 
Ende des ersten Kolbens montiert ist. 

4. In zwei Richtungen steuerbarer Katheter nach An- 
spruch 1 , wobei der erste Kolben einen rdhrenfor- 
migen distalen Bereich aufweist, der den Kern voll- 
standig umgibt, und einen proximalen Bereich, der 
den Kern teilweise umgibt. 

5. In zwei Richtungen steuerbarer Katheter nach An- 
spruch 4, wobei der proximaie Bereich einen im All- 
gemeinen halbkreisformigen Querschnitt aufweist. 

6. In zwei Richtungen steuerbarer Katheter nach An- 
spruch 1 , wobei der erste Kolben wenigstens eine 
Offnung fur den Durchtritt eines Zugdrahtes da- 
durch aufweist. 

7. In zwei Richtungen steuerbarer Katheter nach An- 
spruch 1 , wobei der zweite Kolben einen proxima- 
len Bereich mit einem im Allgemeinen halbkreisfor- 
migen Querschnitt aufweist, der den Kern teilweise 
umgibt. 

8. In zwei Richtungen steuerbarer Katheter nach An- 
spruch 7, wobei der zweite Kolben weiter einen im 
Allgemeinen rechteckigen Schaft umfasst, der sich 
distal von dem proximalen Bereich erstreckt. 

9. In zwei Richtungen steuerbarer Katheter nach An- 
spruch 8, wobei der im Allgemeinen rechteckige 
Schaft innerhalb eines langlichen Schlitzes im Kern 
verschiebbar montiert ist. 

10. In zwei Richtungen steuerbarer Katheter nach An- 
spruch 1 , wobei der erste Kolben einen rdhrenfor- 
migen distalen Bereich aufweist, der den Kern voli- 
standig umgibt, und einen proximalen Bereich mit 
einem im Allgemeinen halbkreisformigen Quer- 
schnitt, der den Kern teilweise umgibt; und der 
zweite Kolben einen proximalen Bereich mit einem 
im Wesentlichen halbkreisformigen Querschnitt 
umfasst, der den Kern teilweise umgibt; 

wobei der proximaie Bereich des zweiten Kolbens 
und der proximaie Bereich des ersten Kolbens ein- 
ander beruhren und zusammen den Kern vollstan- 
dig umgeben. 



Revendications 

1. Catheter, susceptible d'§tre dirige\ bidirectionnel 
comprenant : 

un corps de catheter tubulaire allong6 (12) 
comportant des extr6mit§s proximaie et distale 
et au moins une lumiere s'&endant a travers 
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celui-ci ; 

une section de pointe comprenant une tubulure 
flexible comportant des extremes proximale et 
distale et au moins deux lumieres (26, 28) 
s'etendant k travers celle-ci, I'extremite proxi- 5 
male de la section de pointe etant montee, de 
facon fixe, sur I'extremite distale du corps de 
catheter ; 

une poignee de commande (16) montee sur 
I'extremite proximale du corps de catheter, la '0 
poignee de commande comprenant : 

• des premier et deuxieme pistons (106, 
108), 

• un logement de poignee generalement 15 
creux comportant des extremes proxima- 
le et distale et des surfaces interieure et ex- 
terieure, 

• un noyau generalement tubulaire (104) 
s'etendant longitudinalement k I'interieur 20 

du logement, 2. 

une commande au pouce longitudinalement 
mobile (116) montee, de facon fixe, sur le pre- 
mier piston et accessible depuis I'exterieur du 25 3. 
logement de poignee ; et 
des premier et deuxieme fils de traction (32) 
comportant des extremes proximale et distale, 
chaque fil de traction s'etendant depuis la poi- 
gnee de commande, en traversant une lumiere 30 4. 
du corps de catheter, jusque dans une lumiere 
de la section de pointe, I'extremite distale de 
chaque fil de traction etant montee, de facon 
fixe, sur la section de pointe, I'extremite proxi- 
male du premier fil de traction etant fix6e au 35 
premier piston et I'extremite proximale du 5. 
deuxieme fil de traction etant fix6e au deuxieme 
piston ; 

gr^ce k quoi un defacement proximal de la 
commande au pouce, relativement au loge- *o 
ment de poignee, occasionne un defacement 6. 
proximal du premier piston et du premier fil de 
traction relativement au logement de poignee 
et au corps de cath&er, ce qui produit une 
flexion de la section de pointe dans la direction 45 
de la lumiere dans laquelle s'etend le premier 7. 
fil de traction ; et, en outre, gr£ce k quoi un d§- 
placement distal de la commande au pouce re- 
lativement au logement de poignee a pour re- 
sultat un defacement distal du premier piston, so 
qui occasionne un defacement proximal du 
deuxieme piston et du deuxieme fil de traction 8. 
relativement au logement de poignee et au 
corps de catheter, ce qui produit une flexion de 
la section de pointe dans la direction de la lu- 55 
miere dans laquelle s'etend le deuxieme fil de 
traction, 

caracterise en ce que la poignee de comman- 9. 



de comprend, en outre, un engrenage droit ge- 
ne ralement circulate (1 20) monte, de fagon ro- 
tative, k I'interieur du logement de poignee, 
I'engrenage droit ayant des dents autour de sa 
circonference exterieure, et en ce que lesdits 
premier et deuxieme pistons sont months, de 
maniere coulissante, sur des cotes diametrale- 
ment opposes de I'engrenage droit et de ma- 
niere k entourer, au moins partiellement, le 
noyau tubulaire k Tinterieur du logement de poi- 
gnee, chacun comportant un bord interieur fai- 
sant generalement face au bord interieur de 
I'autre piston et comprenant une serie de dents, 
le long de son bord interieur, qui viennent en 
prise avec les dents de I'engrenage droit, grace 
k quoi un defacement proximal d'un piston oc- 
casionne un defacement en rotation de I'en- 
grenage droit et un defacement distal de 
I'autre piston. 

Catheter, susceptible d'etre dirige, bidirectionnel 
selon la revendication 1 , dans lequel I'engrenage 
droit est monte k Tinterieur du noyau. 

Catheter, susceptible d'etre dirige, bidirectionnel 
selon la revendication 1, dans lequel la commande 
au pouce est montee sur I'extremite distale du pre- 
mier piston. 

Catheter, susceptible d'etre dirige, bidirectionnel 
selon la revendication 1 , dans lequel le premier pis- 
ton comporte une region distale tubulaire entourant 
compietement le noyau et une region proximale en- 
tourant partiellement le noyau. 

Catheter, susceptible d'etre dirige, bidirectionnel 
selon la revendication 4, dans lequel la region proxi- 
male a une section transversale generalement 
semi-circulaire. 

Catheter, susceptible d'etre dirige, bidirectionnel 
selon la revendication 1 , dans lequel le premier pis- 
ton comporte au moins une ouverture k travers ce- 
lui-ci pour le passage d'un fil de traction. 

Catheter, susceptible d'etre dirige, bidirectionnel 
selon la revendication 1, dans lequel le deuxieme 
piston comprend une region proximale ayant une 
section transversale generalement semi-circulaire 
qui entoure partiellement le noyau. 

Catheter, susceptible d'etre dirige, bidirectionnel 
selon la revendication 7, dans lequel le deuxieme 
piston comprend, en outre, une tige generalement 
rectangulaire s'etendant, de fagon distale, k partir 
de la region proximale. 

Catheter, susceptible d'etre dirige, bidirectionnel 
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selon la revendication 8, dans lequel la tige g6n6- 
ralement rectangulaire est montee, de maniere 
coulissante, k I'int6rieure d'une fente longitudinale 
m6nag§e dans le noyau. 

5 

10. Catheter, susceptible d'§tre dirige\ bidirectionnel 
selon la revendication 1 , dans lequel : 

le premier piston comporte une region distale 
tubulaire entourant completement le noyau et w 
une region proximale, ayant une section trans- 
versale g6n6ralement semi-circulaire, qui en- 
toure partiellement le noyau ; et 
le deuxieme piston comporte une region proxi- 
male, ayant une section transversale g6n6rale- is 
ment semi-circulaire, qui entoure partiellement 
le noyau ; 

grace k quoi la region proximale du deuxieme 
piston et la region proximale du premier piston 
viennent au contact Tune de I'autre et, ensem- 20 
ble, entourent completement le noyau. 
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